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INTRODUCTION 
The increasing use of bonded joints for structural application has created a need for reliable 
post-bonding joint inspection techniques. Ultrasonic C-scan [1] and pulse thermography [2] 
have both been used successfully to detect bond defects. At present, these techniques rely on 
transmission of ultrasonic waves or thermal energy, with a transducer or heat source on one 
side of the bonded joint and then the receiver on the other, necessitating two sided access for 
inspection. Embedded sensors offer the possibility of detecting defects in bonded joints, 
where at least one adherend is a composite, without requiring access to a joint. Chirped fibre 
Bragg gratings (CFBGs) are a type of optical sensor that have been used successfully, when 
embedded within a composite adherend, to detect initiation and monitor growth of disbonds in 
composite-composite [3] and composite-metal [4] bonded joints. Using CFBGs, it is possible 
to both detect and locate the defects in bonded joints. 
EXPERIMENTAL RESULTS AND MODELLING 
Composite-composite joints were made from glass fibre reinforced plastics (GFRP) laminates 
having a lay up of (02/90/06)s. One adherend had a 60 mm CFBG embedded at the interface of 
the 0o and 90o plies closest to the bond line; details of specimen fabrication can be found in 
[4]. The joint was bonded using AV119 epoxy adhesive, and an artificial defect was created 
by placing a 12 mm long full width strip of PTFE centrally within the length of the joint. 
Figure 1 shows an edge view of the joint geometry. 
 
Fig. 1: Geometry of bonded joint showing details of defect. Adherends are 20 mm wide and 4.5 mm thick. 
The reflected spectra of the CFBGs were recorded after joint manufacture and after subjecting 
the joint to loads of 5 kN and 9 kN. The spectra are shown in figure 2 and the location of the 
PTFE defect is indicated on each spectrum by small vertical lines. The existence of the defect 
and its location are clearly shown when the joint is under load. 
 Fig. 2: Reflected spectra from CFBG, unloaded, 5 kN load and 9 kN load. 
Predicted spectra have been obtained by creating a 2D model in ABAQUS [5], analysed as a 
generalised plane strain problem. The bond defect is modelled here as a void using the 
dimensions shown in figure 1. The longitudinal strain was extracted from the model for 
applied loads of 5 kN and 9 kN, along a line corresponding to the position of the optical fibre 
containing the sensor. Reflected spectra were predicted from these strains using OptiGrating 
[6] software. Figure 3 shows the predicted spectra together with the defect location within the 
model for applied loads of 5 kN and 9 kN. 
 
Fig. 3: Predicted spectra for applied loads of 5 kN and 9 kN. The length bounded by the small vertical lines 
shows the defect location. 
The predicted spectra in figure 3 are very similar to the recorded spectra (figure 2) and 
demonstrate that the defect can be both detected and located. Future work will investigate the 
sensitivity of the technique for different geometric configurations. 
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